Although the invasiveness size on computed tomography (CT) is important for the T descriptor, the solid portion size on CT will be larger than the pathologic invasiveness size. We analyzed whether the maximal dimensions of the solid portions on CT correlated with the pathologic invasiveness size (> 0.5 cm) in 378 lung adenocarcinoma patients. A solid portion > 0.8 cm on the lung window setting or > 0.6 cm on the mediastinal window setting predicted for pathologic invasiveness > 0.5 cm. Background: Measuring the size of invasiveness on computed tomography (CT) for the T descriptor size was deemed important in the 8th edition of the TNM lung cancer classification. We aimed to correlate the maximal dimensions of the solid portions using both lung and mediastinal window settings on CT imaging with the pathologic invasiveness (> 0.5 cm) in lung adenocarcinoma patients. Materials and Methods: The study population consisted of 378 patients with a histologic diagnosis of adenocarcinoma in situ (AIS), minimally invasive adenocarcinoma (MIA), invasive adenocarcinoma (IVA)-lepidic, IVA-acinar and/or IVA-papillary, and IVA-micropapillary and/or solid adenocarcinoma. A panel of 15 radiologists was divided into 2 groups (group A, 9 radiologists; and group B, 6 radiologists). The 2 groups independently measured the maximal and perpendicular dimensions of the solid components and entire tumors on the lung and mediastinal window settings. The solid proportion of nodule was calculated by dividing the solid portion size (lung and mediastinal window settings) by the nodule size (lung window setting). The maximal dimensions of the invasive focus were measured on the corresponding pathologic specimens by 2 pathologists. Results: The solid proportion was larger in the following descending order: IVA-micropapillary and/or solid, IVA-acinar and/or papillary, IVA-lepidic, MIA, and AIS. For both groups A and B, a solid portion > 0.8 cm in the lung window setting or > 0.6 cm in the mediastinal window setting on CT was a significant indicator of pathologic invasiveness > 0.5 cm (P < .001; receiver operating characteristic analysis using Youden's index). Conclusion: A solid portion > 0.8 cm on the lung window setting or solid portion > 0.6 cm on the mediastinal window setting on CT predicts for histopathologic invasiveness to differentiate IVA from MIA and AIS.
Introduction
The International Association for the Study of Lung Cancer/ American Thoracic Society/European Respiratory Society (IASLC/ ATS/ERS) multidisciplinary classification is based on the concept of lung adenocarcinoma invasiveness. 1 A maximal dimension cutoff value of 0.5 cm for pathologic invasiveness is 1 of the crucial criteria in differentiating invasive adenocarcinoma (IVA) from adenocarcinoma in situ (AIS) and minimally invasive adenocarcinoma (MIA). The size of the invasive tumor components is significantly associated with survival [2] [3] [4] [5] ; therefore, imaging-based estimations of pathologic invasiveness are desirable. The lung adenocarcinoma invasiveness classification using CT has been reported previously [6] [7] [8] [9] ; however, it is frequently difficult to detect the amount of invasiveness using CT. Moreover, no generally accepted equivalent has been determined for the 0.5-cm pathologic invasiveness definition for CT. The Fleischner Society recommended that 0.5-cm solid components on CT should be used as a threshold to decide between a follow-up group and an evaluation group and that the average of the long-and short-axial dimensions at a narrow and/or mediastinal window setting should be used in measuring the size of a solid portion in a part-solid nodule. 8 However, the lung window settings and/or mediastinal window settings have been used for the evaluation of the maximal dimension of solid portions and total nodule size in many reports. [9] [10] [11] [12] [13] [14] [15] Moreover, it has been reported that the average of the long-and short-axial dimensions of the solid portion in a mediastinal window might not always be the most appropriate parameter for assessing the progression of a part-solid nodule. 16 The lack of standardized methods for tumor characterization and measurement remains a problem. Recently, the 8th edition of the TNM classification of lung cancer was proposed by the IASLC. 17, 18 Specifically, for nonemucinous lung adenocarcinomas with a lepidic component, which are visualized on CT as subsolid nodules, the invasive size has been deemed important for the T descriptor size, as recommended by the Union for International Cancer Control TNM supplements. For subsolid nodules, the IASLC has recommended measuring, not only the long-and short-axis dimensions, but also the long axis of the largest solid portion, because it directly affects the T category in the 8th edition of the TNM classification. Moreover, T1mi has been defined as a new T category for MIA, in which if the size of the solid component on CT is 0.5 cm, it reflects the actual size of pathologic invasiveness itself.
An important consideration is that it is difficult to prevent alveolar collapse after resection. Even if the lung tissues are inflated and fixed, 19 the pathologic specimens will deform and shrink below their actual size during tissue processing because of dehydration. 20, 21 Therefore, the size of the invasive components detected on CT might be larger than that of the actual invasive components; however, conflicting evidence is available regarding whether this is the case.
14, [22] [23] [24] [25] [26] The size criterion on CT for predicting 0.5-cm pathologic invasiveness is still controversial, and the standardized size threshold of solid portions, at both lung and mediastinal window settings, that best correlate with pathologic component invasiveness is not yet clear. The purpose of the present multicenter study was to correlate the maximal dimension of the solid portions using both lung window and mediastinal window settings with the pathologic specimens using the IASLC/ATS/ERS classification for patients with lung adenocarcinoma.
Materials and Methods
The internal ethics review board from all 5 institutions approved the present study. Informed consent was waived for retrospective review of the patients' medical records and images. All CT data and pathologic specimens were provided by the 5 participating institutions: Osaka University Graduate School of Medicine, National Cancer Center Hospital, Hiroshima University, Tsukuba University, and Shizuoka Cancer Center.
Study Population
The electronic medical records and radiology information systems were searched at the participating institutions for adenocarcinoma patients from January 2008 to August 2013. The inclusion criteria were as follows. First, patients had to have undergone a CT examination within 6 months before surgery. Second, the patients had to have not undergone previous treatment in the lungs or other organs. Third, each pulmonary nodule had to have been imaged using thin-section CT with a section thickness of 1.25 mm. Finally, each pulmonary nodule had to have been histopathologically confirmed as adenocarcinoma. A total of 628 patients with 628 nodules were initially selected.
After reviewing all CT scans, the patients with nodules too small and/or too difficult to measure, those with nodules > 3 cm, and the patients who had not consented to moving their pathologic specimens to another institution for central review were excluded. Thus, 391 patients with 391 nodules had both thin-section CT images deemed assessable by the radiology panel and pathologic specimens deemed assessable by the pathology panel. Of the 391 nodules, 1 nodule pathologically was confirmed as atypical adenomatous hyperplasia and was excluded. Another 12 nodules that were pathologically confirmed as variant types of adenocarcinoma (ie, invasive mucinous adenocarcinoma) were also excluded because the genetic factors and genesis of cancer differ from those for nonemucinous adenocarcinoma.
The final study population consisted of 378 patients (mean age, 66.3 AE 10.0 years; range, 22-89 years; Figure 1 ). Of the 378 patients, 175 were men (mean age, 66.8 AE 10.1 years; range, 22-86 years) and 203 were women (mean age, 65.9 AE 10.0 years; range, 38-89 years).
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CT Protocols
All chest CT scans were obtained using 64-channel multidetector CT scanners. The section thickness was prescribed as 1.25 mm. The other CT parameters (detector collimation, detector pitch, gantry rotation period, matrix size, pixels, x-ray voltage, tube current, and field of view) were based on the protocols of each institution. All thin-section CT image data were reconstructed with a high spatial frequency algorithm at 1.25 mm thickness.
Pathology Central Review
All pathologic specimens with hematoxylin-eosin stain and/or elastic van Gieson stain were sent to a single institution. The data from all the pathologic specimens were digitally scanned by the virtual slide system (Nano Zoomer C9600-80; Hamamatsu Photonics, Hamamatsu, Japan). All high-resolution digital images were evaluated using a commercially available viewer (Nanozoomer digital pathology view2; Hamamatsu Photonics). The pathologic diagnoses were performed by 2 pathologists (Y.M., M.N., with 25 and 35 years of experience, respectively), who were unaware of the thinsection CT findings. The diagnoses were determined using the multidisciplinary adenocarcinoma criteria. 1 
Radiology Central Review
All thin-section CT images were sent to Micron Inc (Molecular Imaging Contract Research Organization Network, Tokyo, Japan) for central review. The radiology panel consisted of 15 boardcertified radiologists (M.H., M.M., M.K., N.T., K.A., S.S., K.A., T.J., D.T., T.A., M.E., H.W., D.K., M.Y., Y.U., with 35, 34, 32, 31, 31, 31, 31, 30, 28, 28, 25, 23, 18, 17 , and 10 years of experience, respectively). To investigate interobserver agreement, the radiology panel was divided into 2 groups (group A, 9 radiologists; group B, 6 radiologists). Group A was further divided into 3 subgroups, each with 3 radiologists and group B, into 3 subgroups, each with 2 radiologists. Both groups reviewed all the thin-section CT images independently. The cases were selected such that no group reviewed the thin-section CT images from their own institution. Consensus evaluation was not used when different judgments were found between groups A and B.
Objective Analysis on Thin-section CT Images 
Statistical Analysis
All statistical analyses were performed using commercially available software (SAS, version 9.4 software; SAS Institute, Cary, NC). Interobserver agreement of each objective measurement between groups A and B was assessed using the Bland-Altman method. 27 When significant results were obtained in the variance analysis for objective measurements, the data from the objective analysis were statistically analyzed using pairwise comparisons with t tests, with Bonferroni's correction applied for multiple comparisons. Multiple comparison analyses were performed for the following 5 groups: AIS, MIA, IVA-lepidic, IVAacinar and papillary, and IVA-micropapillary and solid. Patients with IVA were classified into 3 groups, IVA-lepidic, IVA-acinar and papillary, and IVA-micropapillary and solid, according to the prognosis. 28 For receiver operating characteristic (ROC) analysis, we classified pulmonary nodules into the following 2 groups: nodules with pathologic invasiveness of 0.5 cm and > 0.5 cm. Subsequently, the cutoff value of the largest dimension of the solid portion in the lung and window settings on thin-section CT that yielded the largest difference in patients with pathologic invasiveness 0.5 cm and pathologic invasiveness > 0.5 cm was determined by ROC analysis using Youden's index, 29 defined as the overall correct classification rate minus that at the optimal cutoff point. Youden's index was used to maximize the sum of sensitivity and specificity for all the possible values of the cutoff value. A Bonferroni-corrected P value < .05 was considered statistically significant.
Results

Solid Portion and Proportion
The largest dimension and perpendicular dimension (mean AE standard deviation), the solid portion using the lung and/or mediastinal window settings and the solid proportion using the lung and mediastinal window setting values for each nodule are summarized in Tables 1 and 2 . The solid proportion (both lung and mediastinal window settings) tended to increase with a worsening histologic prognosis. The solid proportion was larger in the following descending order: IVA-micropapillary and solid, IVA-acinar and papillary, IVA-lepidic, MIA, and AIS. Regarding the solid proportion using the lung window setting, in group A, multiple comparison analyses found significant differences in the solid proportion among 9 groups, except for between IVA-acinar and papillary and IVA-micropapillary and solid. In group B, multiple comparison analyses found significant differences in the solid proportion with the lung window setting among all 10 groups. In contrast, regarding the solid proportion using the mediastinal window setting, in group B, multiple comparison analyses showed statistically significant differences in the solid proportion among 8 groups, except for between AIS and MIA and between IVA-acinar and papillary and IVA-micropapillary and solid.
Correlation of Solid Portion on Thin-section CT With Pathologic Invasiveness
The average dimension of the pathologic invasive component was 0.67 AE 0.66 cm (range, 0-2.8 cm). Each dimension of the pathologic invasive component in the examples of AIS, MIA, and IVA is shown in Figure 2A -1, 2A-2, 2B-1, 2B-2, 2C-1, and 2C-2. Each solid portion size on thin-section CT for the examples of AIS, MIA, and IVA is shown in Figure 2A-3, 2B-3, and 2C-3 . The pathologic invasiveness size was directly compared with the largest dimensions of the solid nodules and largest dimension of the solid portions in the part-solid nodules using the lung window setting (Figure 3 ) and mediastinal window setting ( Figure 3A-1,3B-1, 3C-1,3D-1 ) on thinsection CT. The size of the solid portion on CT was significantly larger than the pathologic invasiveness size (P < .0001). Each Bland-Altman plot of the differences between the pathologic invasiveness and CT measurements is shown in Figure 3A -2, 3B-2, 3C-2, and 3D-2. The agreement of each objective measurement was as follows: group A, lung window setting ( Figure 3A-2 Figure 3D-2) , 0.41 AE 1.34 cm (mean bias AE 1.96 SDs; 95% CI, 0.33-0.47 cm; limits of agreement, À0.94 to 1.75 cm). For ROC analysis, the nodules were classified as follows: group A, nodules with pathologic invasiveness 0.5 cm (n ¼ 188) and > 0.5 cm (n ¼ 183); and in group B, nodules with pathologic invasiveness 0.5 cm (n ¼ 187) and > 0.5 cm (n ¼ 182).
For both groups, a solid portion on the lung window setting of > 0.8 cm on thin-section CT was a significant indicator of pathologic invasiveness > 0.5 cm (group A, P < .001; 95% CI, 0.79-0.87; group B, P < .001; 95% CI, 0.75-0.84). In group A, the sensitivity was 74.3% and the specificity was 85.6%. In group B, the sensitivity was 64.9% and the specificity was 91.6% ( Figure 4A ).
For both groups A and B, a solid portion on the mediastinal window setting of > 0.6 cm on thin-section CT was a significant indicator of pathologic invasiveness > 0.5 cm (group A, P < .001; 95% CI, 0.82-0.91; group B, P < .001; 95% CI, 0.74-0.85). In group A, the sensitivity was 87.2% and the specificity was 77.7%. In group B, the sensitivity was 70.9% and the specificity was 84.3% ( Figure 4B ). 
Interobserver Agreement
Discussion
The results of the present study demonstrated that a solid portion > 0.8 cm on the lung window setting or a solid portion > 0.6 cm on the mediastinal window setting on thin-section CT predicted for pathologic invasiveness > 0.5 cm to differentiate IVA from MIA and AIS. Considering that the largest solid portion directly affects the T category in the 8th edition of the TNM classification, it is important to reaffirm that a solid portion size on thin-section CT will be larger than the size of the actual invasive component.
The invasive component size can predict for malignant behavior and the prognosis of lung cancer. 2, 10, 13, 30 Measurements of the solid components and/or the solid proportion in subsolid nodules are important because an increasing extent has been associated with a greater likelihood of an invasive tumor. 8, 31 In the present study, the solid proportion was larger in the following descending order: IVAmicropapillary and solid, IVA-acinar and papillary, IVA-lepidic, MIA, and AIS. These results indicate that some AISs showed as part-solid nodules on CT and that IVA-micropapillary and solid and/or IVA-acinar and papillary with a poorer prognosis 28 had larger solid proportions than did IVA-lepidic. Although it is difficult to visually differentiate among IVA subtypes, measuring the solid proportion could provide useful information to differentiate among the IVA subtypes.
It is important for patient treatment and the therapeutic strategy to determine the optimal size of the solid portion on CT that correlates with the pathologic invasive components. However, the best method to measure the solid portion on CT is still controversial. The Fleischner Society recommended that the average of the long-and short-axial dimensions at a narrow and/or mediastinal window setting should be used in measuring the size of a solid portion in a part-solid nodule. 8 Previous research has demonstrated that solid portion measurements are not significantly affected by the mediastinal and lung window settings 14 ; however, it has also been shown that solid portions in the mediastinal window setting are not equal to the invasive components of the pathologic specimens. 32 In the present study, the solid proportion in the lung window setting appeared more appropriate than the solid proportion using the mediastinal window setting, because the nodules with a larger solid proportion using the lung window setting tended to have greater malignant potential, except for the results between IVA-acinar and papillary and IVA-micropapillary and solid in group A. This is in agreement with results from previous studies. 11, 16, 24 Further studies might, however, be needed to determine the most appropriate method for evaluating the size of the solid component on CT.
The cutoff sizes for detecting pathologic invasiveness on thinsection CT might be larger than the size of the actual invasive component because the solid components on CT include, not only cancer cells, but also myofibroblastic stroma, alveolar collapse, fibrosis, inflammatory cells, and pathologic mucus. 33, 34 Moreover, the invasive component dimension measured on the pathologic specimens might not necessarily represent the true largest dimension of the invasive component itself because the in vivo state of inflated lung tissues tends to be different from that of the resected deflated specimens and because not all cross-sections of specimens can be evaluated. As 1 of the reasons that the sizes can differ between the radiologic and pathologic evaluations, the pathologic sections can be in a different plane of sectioning from that of the CT imaging. Unlike CT, once a pathologic specimen has been sectioned, complete 3-dimensional reconstruction of the lesion is generally not performed. In previous studies, 14, 26 8% to 12% of part-solid nodules diagnosed as MIA showed that the maximal dimension of the solid components at mediastinal window setting was > 5 mm despite a maximal diameter of the pathologic invasive foci of < 5 mm. In another study, Hayashi et al 35 compared the solid component size on thin-section CT with the pathologic results of lymph node metastases and local invasion such as lymphatic or vascular invasion in stage T1 lung adenocarcinoma. The present study showed that a solid portion > 0.8 cm with a lung window setting or a solid portion > 0.5 cm with a mediastinal window setting on thin-section CT might have the potential to predict lymph node metastasis or local invasion status. Combined with the results of the present study, a solid portion > 0.8 cm with a lung window setting on thin-section CT might contribute to a diagnosis of histopathologic invasiveness or lymph node metastasis or local invasion status. The prediction of pathologic invasiveness or lymph node metastasis or local invasion status using CT might be useful for deciding the therapeutic strategy (ie, follow-up, biopsy, or surgery) in a clinical setting. 35 In the present study, the specificity ranged from 85.6% to 91.6% for IVA prediction using only the largest size of a solid portion on CT. Therefore, some cases with a solid portion < 0.8 cm with the lung window setting on CT included IVAs. In cases with pathologic invasion < 5 mm but diagnosed as IVA owing to inclusion of histologic subtypes other than a lepidic pattern (ie, acinar, papillary, micropapillary, and/or solid), only measuring the largest size of a solid portion on CT will not be sufficient. However, considering that the largest solid portion directly affects the T category in the 8th edition of the TNM classification proposed by the IASLC/ Union for International Cancer Control, 17, 18 our results showing that a solid portion > 0.8 cm with the lung window setting or a solid portion > 0.6 cm with the mediastinal window setting on thin-section CT indicated pathologic invasiveness > 0.5 cm might suggest an appropriate standardized size of solid portions on CT.
Although measurement on CT is not an alternative to pathologic evaluation, it is important and useful for determining the management and therapeutic strategy to determine the clinical stage using CT. Our study had several limitations. First, our study was retrospective; therefore, selection bias was inevitable. Second, we evaluated data using various multidetector CT scanners manufactured by different companies in the present multicenter study; thus, the section thickness of the evaluated CT images was not always the same. Moreover, many factors can cause differences between pathologic diagnoses and CT sizes. We could not evaluate how the following items affected our results: variability of size measurements within and between observers in the pathologic and CT evaluations and technical factors related to CT protocols such as slice thickness and reconstruction methods. Third, only primary sites were evaluated, and lymph node metastases and survival rates should also be evaluated. Finally, the maximum tumor dimensions on CT and resectable lung cancers dimensions cannot always be accurately compared because the lung specimens after resection tend to collapse. This could be of particular importance in cases that appeared to be ground-glass nodules on CT. However, preventing alveolar collapse after resection would have been difficult.
Conclusion
A solid portion > 0.8 cm with the lung window setting or a solid portion > 0.6 cm with the mediastinal window setting on thinsection CT indicated pathologic invasiveness > 0.5 cm, enabling the differentiation of IVA from MIA and AIS. The size of the largest solid portion directly affects the T category in the 8th edition of the TNM classification. When predicting the size of the pathologic invasive components from solid portion sizes on thin-section CT, however, the CT-measured size will be larger than that of the actual invasive component. Future studies are needed to decide on the T categories.
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Clinical Practice Points A maximal dimension cutoff value of 0.5 cm for pathologic invasiveness is 1 of the crucial criteria in differentiating IVA from AIS and MIA. In clinical practice, a 0.5-cm solid component on CT has been used as a threshold to predict 0.5-cm pathologic invasiveness. However, it is important to reaffirm that a solid portion size on thin-section CT will be larger than the size of the actual invasive component because of the inevitable shrinkage of pathologic specimens after resection. The size criterion on CT for predicting 0.5-cm pathologic invasiveness is still controversial, and the standardized size threshold of the solid portions, using both lung and mediastinal window settings, that will best correlate with pathologic component invasiveness is not yet clear. We found that a solid portion > 0.8 cm on the lung window setting or > 0.6 cm on the mediastinal window setting predicted pathologic invasiveness > 0.5 cm, enabling the differentiation of IVA from MIA and AIS. Our CT size criteria might affect the T category in future editions of the TNM classification and could be 1 of the important information criteria for future studies to predict the prognosis of lung cancer using CT images.
